The aim of an electromyographic investigation is to gain information about some of the properties of the motor unit and if possible about the individual muscle fibres constituting the motor unit. This is conventionally performed with various needle electrodes having different recording selectivities.
With the single fibre EMG (SFEMG) electrode having a 25 gim recording surface, the uptake area is restricted to a hemisphere with a radius of about 300 gm within which the action potentials have an amplitude of 0-2-20 mV and a duration less than 300 psec. This uptake area includes 1 (fig 1) . The spike component of the motor unit potential (MUP) recorded with this electrode is considered to reflect activity from muscle fibres within a radius of 1 mm. Activity from more distant fibres is recorded with a similar amplitude from the active electrode surface and the electrode shaft, used as a reference, and is therefore cancelled to a great extent (fig 2) . Since the normal motor unit in the biceps brachii muscle has an average diameter of 5 to 10 mm 23 it is obvious that only a small proportion of all muscle fibres contributes to the main part of the so-called motor unit potential (MUP) recorded with a concentric needle electrode. Similarly with an average fibre density in the biceps brachii muscle of 1P35 fibres/300 gm radius this recording area covers about 15 The electrode is inserted into the silghtly voluntarily activated muscle and positioned to record a single fibre action potential with high amplitude from the small electrode. The patient is asked to maintain a minimal but constant activation with the action potential from the small recording surface firing at a regular rate, usually about 10 impulses per second. This action potential is used to trigger a digital averager to which the signal from the large recording surface, the cannula, is fed and averaged, usually for 128 to 512 impulses. The signal is delayed by 40 ms after the trigger to allow detection of early components.
The analysis of the obtained signal has been made by means of a computer (PDP 11/40 or LSI-1 1) on line. Peak to peak amplitude is measured. Due to the shape of the response and background noise, it is usually difficult to define a duration measure. The area has been calculated in the following way. A "signal window" of 60 ms is established, with its midpoint at the triggering potential. A baseline is determined by averaging the activity 10 ms prior to and 10 ms after the 60 ms period, and connecting these two averaged values by a straight line. The area under the envelope of the signal is calculated.
The shape of the Macro EMG response is determined by the temporal and spatial summation of the individual single fibre potentials within the motor unit. The optimal position for the recording electrode is perpendicular to the main fibre direction. Any deviation from this will theoretically introduce errors in the motor unit parameters, usually towards a lower amplitude and somewhat prolonged duration but the opposite is also possible in some situations, eg when the motor end-plate zone is skewed. The correct angular position is more important with this electrode than with conventional EMG or single fibre EMG electrodes. Rotation of the electrode does not change the responses as it does in conventional and particularly in single fibre EMG recordings. In the biceps brachii and the tibialis anterior muscles used in the present study the main fibre direction is easy to determine and the electrode 477 position error is probably insignificant. When other muscles are investigated with more complicated fibre directions a standardised needle position must be used to minimise the effect of position error.
The relation to the end-plate zone may influence the recording since the temporal dispersion increases towards the tendon. The magintude of this effect will be further investigated. In the present study the electrode has been positioned in the middle third of the muscles.
Results
The biceps brachii and tibialis anterior muscles Furthermore, because of the physical size of the large electrode (the cannula) the whole normal motor unit is penetrated and therefore a larger number of muscle fibres in the motor unit are closer to some part of the recording surface. The triggering electrode is located 10 mm behind the tip of the cannula (more than the average normal motor unit diameter) so that if the triggering fibre is at the margin of the motor unit the entire cannula has still pierced the whole territory. The recorded signal is therefore theoretically a better measure of the electrical power of the total motor unit than is the action potential obtained with concentric needle EMG which has an uptake radius of about 1 mm for the main part of the MUP.
The relative nonselectivity of the Macro EMG, that is its reflection of the total motor unit signal, is demonstrated in the studies where the same motor unit was recorded at quite separate locations along the muscle. The main characteristics of the action potential remained although a continuous change for different sites could be detected. Due to the different propagation velocity for the different fibres this change in shape of the action potential is expected.
The shape of the signal is dependent on the spatial distribution of the muscle fibres with low amplitude from distant fibres. Also the temporal distribution of the individual action potentials determines the shape of the recorded signal. From other studies8, it is obvious that the temporal distribution in a transverse cross-section of the motor unit varies considerably for different motor units even in the normal muscle. Assuming a correct needle position, that is perpendicular to the fibre direction, the temporal dispersion is dependent on the conduction time along the nerve branches, the anatomic location of the motor end-plates and the propagation velocity in individual muscle fibres. These factors will sometimes cause double or multiple peaks in the recorded response ( fig 5) . The total amplitude is therefore not an ideal measure to quantify the response. The duration has not been used yet as a parameter, since difficulties arise in defining the start and the stop of the potential, particularly in pathological situations. We have therefore chosen to use the area under the potential as one measure. Since the peak-to-peak amplitude both in normal and pathological conditions generally shows a good correlation to the area, and is easy to measure without computer, it is at present used as well as the area as a parameter of the motor unit porential size. The In the single fibre EMG and concentric needle EMG recordings, "silent areas" within the motor unit (larger than 0-3 and 1 mm in radius respectively) are not included in the overall results as they are in Macro EMG. Particularly in pathological conditions with uneven fibre distribution within the motor unit these methods therefore do not give a true picture of the average activity of the motor unit.
The Macro EMG method can relatively easily be adopted in an EMG laboratory. A special needle electrode, two amplifiers, trigger, signal delay and averaging facilities are necessary. It usually takes less than one minute to study one motor unit. For the patient the investigation is similar to conventional EMG.
Further experience with the Macro EMG technique in normal muscles and in different neuromuscular disorders will hopefully show whether and where it can be used as a valuable additional method for the study of the motor unit.
After the completion of this study the electrode has been slightly modified. The cannula is now insulated but for a distance of 15-20mm from the tip which is used for recording. This is already indicated in figs 1 
